Introduction
============

Care of people with stroke provided by multidisciplinary teams in a stroke unit results in better outcomes.[@ref1] Observational studies and trials of acute stroke care of patients from Europe, Australia, and Argentina have reported considerable variation in the processes of stroke care and associated outcomes.[@ref2] [@ref3] [@ref4] [@ref5] Differences in hyperacute stroke management are possible reasons for the poorer reported outcomes in the United Kingdom.[@ref6] [@ref7] Previous research on patients admitted to hospitals in south London between 1995 and 2000 identified sociodemographic inequalities in rates of admission to both hospital and stroke units and in receipt of brain imaging.[@ref8] Patients who have a stroke during hospital stay in south London have been reported to have poorer access to brain imaging and care in a stroke unit than patients admitted after the stroke.[@ref9]

International, national, and regional guidelines make recommendations for care across the whole stroke pathway but with an emphasis on acute stroke care.[@ref10] [@ref11] [@ref12] [@ref13] [@ref14] Policy documents, including the National Service Framework for Older People (2001), the *National Audit Office Report* (2005 and 2010), and the National Stroke Strategy (2007) have aimed at improving services for people who have had a stroke in England.[@ref15] [@ref16] [@ref17] National audit analyses provide some evidence that the quality of stroke care in the United Kingdom is improving, but these studies only provide a snapshot of care for about 60 patients in each centre, without detailed clinical characteristics, and are only carried out every two or three years.[@ref18] We investigated the time trends in receipt of effective acute care interventions after a stroke in a multiethnic population in south London and determined the factors associated with their uptake.

Methods
=======

Identification of cases
-----------------------

Data for this analysis were derived from the South London Stroke Register, an ongoing population based register that has prospectively recorded first ever strokes in patients of all age groups living within a geographically defined area of south London since 1995. In this analysis we used data collected between 1995 and 2009, divided into five year groups (1995-7, 1998-2000, 2001-3, 2004-6, and 2007-9). At the 2001 census, the population of the area covered by the register was 271 817: 63% of the population were white, 9% black Caribbean, 15% black African, and 13% from other ethnic groups. The detailed methods of notification of patients and data collection have been described previously.[@ref19] [@ref20] Briefly, patients were identified using multiple sources of notification by specially trained study nurses and fieldworkers. All data were collected prospectively. Patients or their relatives gave written informed consent to participate in the study. Hospital surveillance of admissions for stroke included two teaching hospitals within and two teaching hospitals outside the study area, and one general district hospital outside the study area. Community surveillance for stroke included patients under the care of all general practitioners within and on the borders of the study area. Notification sources included accident and emergency records, hospital wards, requests for brain imaging, death certificates, coroner's records, hospital medical staff, community therapists, bereavement officers, and hospital based stroke registries. Capture-recapture models estimated completeness of case ascertainment in this population to be around 80%.[@ref21] The diagnosis of stroke, using the World Health Organization clinical definition, was verified by a study clinician, and patients were examined within 48 hours of being notified to the South London Stroke Register where possible. We checked collected data with the patients' general practitioner and medical records. Patients with a subarachnoid haemorrhage were excluded because they have differing needs for acute care and are typically managed in neurosurgical wards following different protocols.

Sociodemography and case mix
----------------------------

Data on sociodemographic characteristics collected at initial assessment were age; sex; self definition of ethnic origin (1991 census question) stratified into white, black (black Caribbean, black African, and black other), and other ethnic group; socioeconomic status (registrar general's occupational codes), grouped into manual, non-manual, and economically inactive (student, unemployed, and unable to work because of disability or being a carer), and living circumstances before stroke (alone in private accommodation, with others in private accommodation, nursing or hospital care). We obtained the clinical details at the time of maximal impairment. These included information on motor deficit, swallowing (using the 3 oz (85 mL) water swallow test), speech, visual impairments, and urinary incontinence. The level of consciousness was assessed using the Glasgow coma scale dichotomised into scores of less than 13 (impaired consciousness) and 13 or more.[@ref22] Classification of stroke subtype (ischaemic stroke or primary intracerebral haemorrhage) was based on results from at least one of computed tomography or magnetic resonance imaging. Where there was no known pathological classification of stroke subtype, we classed cases as undefined.

Processes of acute stroke care
------------------------------

We examined a range of indicators of the processes of care after an acute stroke suggested to be useful proxy measures for the overall quality of stroke care.[@ref12] These were admission to hospital, admission to a stroke unit, more than 50% of hospital admission spent in a stroke unit, brain imaging, and the swallow test. We examined the indicators for provision of rehabilitation therapy (physiotherapy assessment within 72 hours, occupational therapy within seven days, and speech and language therapy) within seven days for those with recorded deficits for 2005-9, when data were collected for the register on these processes. The use of physiotherapy and occupational therapy was considered appropriate for patients with any paralysis, visual field defects, and sensory impairments in the acute phase. Speech and language therapy was considered appropriate in patients with dysphasia, dysarthria, and dysphagia or a failed swallow test result. Other interventions for which data were collected only between 2005 and 2009 included thrombolysis within three hours of symptom onset if ischaemic stroke; receipt of aspirin at anytime within the first week of stroke or within 48 hours if ischaemic stroke; enteral feeding (nasogastric or percutaneous endoscopic gastrostomy), after a failed swallow test result; and provision of intravenous fluids.

Statistical analysis
--------------------

We used one way analysis of variance to investigate the univariate association between the time intervals and continuous variables and the χ^2^ test for categorical variables. The χ^2^ test for trend was used to examine trends over time in rates of admission to hospital, investigations carried out, and rehabilitation services received. We used multivariable logistic regression models to examine the impact of sociodemographic variables (age, sex, socioeconomic status, and ethnicity) and case mix (Glasgow coma scale score, urinary incontinence, motor and swallowing deficit, and stroke subtype) on the processes of care and to examine time trends in the process of care measures. We present the odds ratios and 95% confidence intervals estimated by these models. The sample was confined to complete cases for the multivariable analysis with no missing values in the associated factors considered. Information missing on sociodemographics, clinical characteristics, and processes of care ranged from 0.3% for sex to 10.8% for the swallow test and 11.6% for speech deficits. Data on aspirin given within 48 hours was collected only from July 2005, resulting in a significant amount of missing data for that year. We carried out a sensitivity analysis to examine the effect of restricting analyses of acute care processes to only those who survived more than 24 hours. Stata version 11.0MP was used for the statistical analyses.

Results
=======

Of 3800 patients with first ever stroke between 1995 and 2009, 3330 (87.6%) were treated in hospital after the stroke and 388 of these (11.7%) experienced stroke while in hospital. The mean age at onset was 71.1 (SD 14.1) years. Table 1[](#tbl1){ref-type="table"} lists the sociodemographic factors, severity of stroke, and stroke subtype of the patients.

###### 

 Sociodemographic characteristics and neurological deficits of patients with stroke over study period, 1995-2009. Values are numbers (percentages) unless stated otherwise

  Characteristics                         Study period   P value                                                 
  --------------------------------------- -------------- ------------- ------------- ------------- ------------- ---------
  Mean (SD) age (years)                   72.7 (13.0)    71.5 (13.5)   71.0 (14.2)   70.0 (14.6)   69.8 (15.6)   0.002
  Men                                     448 (49.4)     405 (50.0)    376 (49.7)    390 (55.2)    302 (49.4)    0.12
  Ethnic group:                                                                                                  
   White                                  731 (80.6)     597 (73.7)    532 (70.3)    473 (67.0)    421 (67.9)    \<0.001
   Black                                  134 (14.8)     150 (18.5)    149 (19.7)    159 (22.5)    149 (24.0)    
   Other                                  39 (4.3)       44 (5.4)      39 (5.2)      53 (7.5)      36 (5.8)      
   Unknown                                3 (0.3)        19 (2.4)      37 (4.9)      21 (3.0)      14 (2.3)      
  Socioeconomic status:                                                                                          
   Non-manual                             207 (22.8)     206 (25.4)    204 (27.0)    186 (26.4)    160 (25.8)    \<0.001
   Manual                                 555 (61.2)     422 (52.1)    444 (58.7)    377 (53.4)    294 (47.4)    
   Economically inactive                  118 (13.0)     128 (15.8)    72 (9.5)      109 (15.4)    122 (19.7)    
   Unknown                                27 (3.0)       54 (6.7)      37 (4.9)      34 (4.8)      44 (7.1)      
  Living conditions before stroke:                                                                               
   Alone in private accommodation         328 (36.2)     147 (18.2)    257 (34.0)    258 (36.5)    189 (30.5)    \<0.001
   With others in private accommodation   456 (50.3)     162 (20.0)    404 (53.4)    380 (53.8)    355 (57.3)    
   Nursing home or other                  87 (9.6)       43 (5.3)      65 (8.6)      54 (7.7)      73 (11.8)     
   Unknown                                36 (4.0)       458 (56.5)    31 (4.1)      14 (2.0)      3 (0.5)       
  Stroke subtype:                                                                                                
   Infarction                             680 (75.0)     621 (76.7)    606 (80.1)    589 (83.4)    536 (86.5)    \<0.001
   Primary intracerebral haemorrhage      118 (13.0)     136 (16.8)    108 (14.3)    102 (14.5)    40 (6.5)      
   Unclassified                           107 (11.8)     41 (5.1)      30 (4.0)      7 (1.0)       0             
   Unknown                                2 (0.2)        12 (1.5)      13 (1.7)      8 (1.1)       44 (7.1)      
  Glasgow coma scale score:                                                                                      
   \<13 (impaired consciousness)          258 (28.5)     189 (23.3)    205 (27.1)    178 (25.2)    171 (27.6)    0.10
   ≥13                                    627 (69.1)     591 (73.0)    496 (65.5)    507 (71.8)    425 (68.6)    
   Unknown                                22 (2.4)       30 (3.7)      56 (7.4)      21 (3.0)      24 (3.9)      
  Incontinence:                                                                                                  
   Yes                                    438 (48.3)     316 (39.0)    312 (41.2)    298 (42.2)    250 (40.5)    \<0.001
   No                                     425 (46.9)     413 (51.0)    358 (47.3)    391 (55.4)    358 (57.9)    
   Unknown                                44 (4.9)       81 (10.0)     87 (11.5)     17 (2.4)      10 (1.6)      
  Speech deficit:                                                                                                
   Yes                                    555 (61.2)     399 (49.3)    491 (64.9)    512 (72.5)    462 (74.5)    0.002
   None                                   233 (25.7)     109 (13.5)    215 (28.4)    191 (27.1)    148 (23.9)    
   Unknown                                119 (13.1)     302 (37.3)    51 (6.7)      3 (0.4)       10 (1.6)      
  Swallow impairment:                                                                                            
   Yes                                    416 (45.9)     289 (35.7)    277 (36.6)    235 (33.3)    178 (28.7)    \<0.001
   None                                   439 (48.4)     442 (54.6)    383 (50.6)    386 (54.7)    345 (55.7)    
   Unknown                                52 (5.7)       79 (9.8)      97 (12.8)     85 (12.0)     97 (15.7)     
  Motor deficit:                                                                                                 
   Present                                787 (86.8)     641 (79.1)    609 (80.5)    587 (83.1)    511 (82.4)    \<0.001
   None                                   94 (10.4)      113 (14.0)    101 (13.3)    110 (15.6)    100 (16.1)    
   Unknown                                26 (2.9)       56 (6.9)      47 (6.2)      9 (1.3)       9 (1.5)       

Trends in acute care interventions
----------------------------------

Table 2[](#tbl2){ref-type="table"} reports the specific interventions in each year group and the trends over the 15 year study period. The proportion of patients admitted to hospital for an acute stroke increased significantly over the study period: 54% were admitted to a stroke unit and this significantly increased from 18.9% (141/736) in 1995-7 to 78.4% (460/584) in 2007-9. Similarly, the proportion of patients spending more than 50% of their hospital stay on a stroke unit increased significantly, from 10.4% (76/733) in 1995-7 to 72.0% (462/642) in 2007-9. Length of stay decreased significantly over the study period, from a median 21 (interquartile range 8-52) days in 1995-7 to 13 (5-36.5) days in 2007-9. Most of the patients (92.6%, 3391/3661) had brain imaging and this increased significantly over time: from 85.2% (759/891) in 1995-7 to 99.6% (554/556) in 2007-9. The proportion of patients who were assessed for swallowing decreased significantly between 1995 and 2009, from 96.1% (710/739) in 1995-7 to 87.9% (516/587) in 2007-9.

###### 

 Interventions in acute stroke phase over study period. Values are numbers of participants with process/total number of participants with data on process measure (%) unless stated otherwise

  Process measure                                      Study period     P for trend                                                          
  ---------------------------------------------------- ---------------- ---------------- ---------------- ----------------- ---------------- ---------
  Hospital admission                                   745/907 (82.1)   693/810 (85.6)   647/757 (85.5)   658/706 (93.2)    587/620 (94.7)   \<0.001
  Stroke unit admission\*                              141/736 (18.9)   245/678 (35.4)   424/640 (65.5)   503/644 (76.4)    460/584 (78.4)   \<0.001
  \>50% of stay on stroke unit\*                       76/733 (10.4)    60/659 (9.1)     306/622 (49.2)   462 /642 (72.0)   413/574 (72.0)   \<0.001
  Median (interquartile range) length of stay (days)   21 (8-52)        21 (8-54)        16 (6-51)        14 (4-37)         13 (5-36.5)      \<0.001
  Brain imaging                                        759/891 (85.2)   726/790 (91.9)   678/739 (91.8)   674/685 ((98.4)   554/556 (99.6)   \<0.001
  Swallow test\*                                       710/739 (96.1)   632/682 (92.7)   584/644 (90.7)   594/657 (90.4)    516/587 (87.9)   \<0.001

\*Analysis limited to patients admitted to hospital.

Table 3[](#tbl3){ref-type="table"} reports on those patients who were eligible for interventions and those who actually received these between 2005 and 2009. The proportion of patients with ischaemic stroke who received thrombolysis increased significantly, from 2.8% (6/217) in 2005 to 20.1% (32/159) in 2008 and 15.7% (27/172) in 2009. A non-significant increase was observed in the proportion of patients with ischaemic stroke prescribed aspirin at any time within the acute (first seven days) phase (84.7% (133/157) in 2005 and 89.8% (149/166) in 2009, P=0.10) or within 48 hours after an acute stroke (74.2% (109/147) in 2005 and 78.4% (80/102) in 2009, P=0.36). The proportion of patients fed by the enteral route after a failed swallow test result also increased significantly, from 40.6% (28/69) in 2005 to 66.0% (33/50) in 2009 (P=0.03). The proportion of patients with speech or swallowing difficulties receiving speech and language therapy increased non-significantly from 59.6% (96/161) in 2005 to 66.3% (67/101) in 2009 (P=0.53).

###### 

 Proportion of patients eligible for and receiving intervention for acute stroke, 2005-9. Values are number receiving intervention/number eligible for intervention (%) unless stated otherwise

  ----------------------------------------------------------------------------------------------------------------------------------------------------
  Variables                                             Study period     P for trend                                                         
  ----------------------------------------------------- ---------------- ---------------- ---------------- ---------------- ---------------- ---------
  No with ischaemic stroke                              221              180              195              162              179              ---

  Thrombolysis                                          6 /217 (2.8)     13/173 (7.5)     26/192 (13.5)    32/159 (20.1)    27/172 (15.7)    \<0.001

  Aspirin started at any time in acute phase\*          133/157 (84.7)   140/175 (80.0)   166/190 (87.4)   136/156 (87.2)   149/166 (89.8)   0.10

  Aspirin started by 48 hours after stroke\             109/147 (74.2)   124/171 (72.5)   149/186 (80.1)   93/129 (72.1)    80/102 (78.4)    0.36

  No with failed swallow screen†                        70               75               69               52               55               0.03

  Fed by enteral route‡                                 28/69 (40.6)     40/74 (54.1)     39/68 (57.4)     24/51 (47.1)     33/50 (66.0)     

  Intravenous fluids†                                   130/236 (55.1)   123/203 (60.6)   116/209 (55.5)   115/180 (63.9)   92/183 (50.3)    0.64

  No requiring physiotherapy or occupational therapy†   213              181              196              157              158              0.61

  Physiotherapy or occupational therapy received        168/209 (80.4)   155/181 (85.6)   155/196 (79.1)   126/148 (85.1)   122/138 (88.4)   

  No requiring speech and language therapy†             166              168              167              139              128              0.53

  Speech and language therapy received                  96/161 (59.6)    107/164 (65.2)   105/166 (63.2)   81/133 (60.9)    67/101 (66.3)    
  ----------------------------------------------------------------------------------------------------------------------------------------------------

\*Within first seven days of stroke.

†Analysis limited to patients admitted to hospital.

‡Nasogastric or percutaneous endoscopic gastrostomy.

Factors associated with acute care interventions
------------------------------------------------

Table 4[](#tbl4){ref-type="table"} shows the associations between sociodemographic characteristics, case mix, and acute care interventions. Haemorrhagic stroke, reduced scores on the Glasgow coma scale, swallowing deficits, and incontinence were significantly (all P\<0.001) associated with hospital admission. Patients of black ethnicity had significantly increased odds of admission to a stroke unit compared with those of white ethnicity (P\<0.001) even after adjusting for age and stroke severity. The association remained significant after excluding those who died within the first 24 hours. Patients with a higher level of consciousness (Glasgow coma scale score ≥13) were more likely to be admitted to a stroke unit. This association, however, ceased to be significant after excluding those who died within the first day of admission (P=0.17). Patients who had motor deficits or swallowing deficits were also more likely to be admitted to a stroke unit (P≤0.001). Older patients (P=0.005) and those of lower socioeconomic status (P\<0.001) were less likely to have brain imaging done, whereas those with haemorrhagic stroke had an increased odds of undergoing brain imaging (P=0.02). The observed association between increasing age and odds of brain imaging was non-significant after excluding those who died within the first day of stroke (P=0.07). The odds of receiving these interventions increased significantly over the study period (P\<0.001).

###### 

 Multivariate analysis to determine associations between short term care provided for patients with stroke and clinical and sociodemographic factors

  Variables                               Admission to hospital (n=2672)                            Stroke unit admission (n=2382)                         Brain imaging (n=2153)      Swallow assessment (n=2667)                         
  --------------------------------------- -------------------------------- ------------------------ -------------------------------- --------------------- ------------------------ -- ----------------------------- ----------- -- ------ -----------
  Period of stroke:                                                                                                                                                                                                                        
   1995-7                                 1.00                             \<0.001\*                                                 1.00                  \<0.001\*                   1.00                          \<0.001\*      1.00   \<0.001\*
   1998-2000                              1.45 (0.93 to 2.27)              1.51 (1.07 to 2.13)      1.15 (0.49 to 2.70)              0.62 (0.25 to 1.55)                                                                                   
   2001-3                                 2.83 (1.92 to 4.18)              10.07 (7.57 to 13.39)    1.59 (0.78 to 3.23)              0.26 (0.13 to 0.51)                                                                                   
   2004-6                                 5.97 (3.85 to 9.27)              17.43 (12.93 to 23.50)   15.04 (3.42 to 66.29)            0.16 (0.09 to 0.31)                                                                                   
   2007-9                                 13.17 (7.41 to 23.39)            22.65 (16.19 to 31.69)                                    0.11 (0.06 to 0.22)                                                                                   
  Men                                     1.00                             0.88                                                      1.00                  0.88                        1.00                          0.52           1.00   0.14
  Women                                   1.02 (0.76 to 1.37)              1.02 (0.83 to 1.25)      1.24 (0.64 to 2.41)              0.79 (0.57 to 1.09)                                                                                   
  Age (years):                                                                                                                                                                                                                             
   \<64                                   1.00                             0.11\*                                                    1.00                  0.16\*                      1.00                          0.004\*        1.00   0.96\*
   65-74                                  1.12 (0.77 to 1.64)              0.95 (0.72 to 1.25)      1.42 (0.45 to 4.45)              0.82 (0.54 to 1.25)                                                                                   
   75-84                                  0.77 (0.53 to 1.13)              0.97 (0.73 to 1.30)      0.66 (0.23 to 1.84)              1.11 (0.71 to 1.75)                                                                                   
   ≥85                                    0.75 (0.43 to 1.30)              0.72 (0.51 to 1.03)      0.30 (0.10 to 0.90)              0.84 (0.48 to 1.45)                                                                                   
  Ethnicity:                                                                                                                                                                                                                               
   White                                  1.00                             0.48                                                      1.00                  \<0.001                     1.00                          0.79           1.00   0.63
   Black                                  1.26 (0.86 to 1.85)              1.76 (1.35 to 2.29)      0.75 (0.31 to 1.82)              1.20 (0.80 to 1.78)                                                                                   
   Other                                  1.10 (0.58 to 2.09)              1.21 (0.78 to 1.90)      0.76 (0.18 to 3.13)              0.93 (0.48 to 1.81)                                                                                   
  Socioeconomic status:                                                                                                                                                                                                                    
   Non-manual                             1.00                             0.95                                                      1.00                  0.63                        1.00                          \<0.001        1.00   0.89
   Manual                                 0.99 (0.72 to 1.37)              1.04 (0.83 to 1.32)      0.76 (0.31 to 1.82)              1.08 (0.76 to 1.54)                                                                                   
   Economically inactive                  0.89 (0.45 to 1.78)              0.89 (0.63 to 1.26)      0.16 (0.06 to 0.42)              0.97 (0.58 to 1.64)                                                                                   
  Living conditions before stroke:                                                                                                                                                                                                         
   Alone in private accommodation         1.00                             0.58                                                      1.00                  0.14                        1.00                          0.17           1.00   0.05
   With others in private accommodation   0.85 (0.62 to 1.16)              0.83 (0.67 to 1.03)      0.97 (0.48 to 1.97)              0.99 (0.71 to 1.39)                                                                                   
   Nursing home or other                  0.86 (0.46 to 1.60)              0.76 (0.53 to 1.09)      0.45 (0.20 to 1.05)              2.21 (1.06 to 4.59)                                                                                   
  Stroke subtype:                                                                                                                                                                                                                          
   Infarct                                1.00                             \<0.001                                                   1.00                  0.90                        1.00                          0.02           1.00   0.83
   Haemorrhage                            17.49 (4.19 to 72.98)            0.98 (0.73 to 1.31)      3.60 (1.02 to 12.72)             0.95 (0.56 to 1.58)                                                                                   
  Glasgow coma scale score:                                                                                                                                                                                                                
   \<13 (impaired consciousness)          1.00                             \<0.001                                                   1.00                  \<0.001                     1.00                          0.11           1.00   0.87
   ≥13                                    0.06 (0.007 to 0.41)             1.61 (1.23 to 2.11)      1.92 (0.86 to 4.29)              0.96 (0.61 to 1.52)                                                                                   
  Incontinence:                                                                                                                                                                                                                            
   No                                     1.00                             \<0.001                                                   1.00                  0.43                        1.00                          0.84           1.00   0.21
   Yes                                    9.17 (4.89 to 17.21)             0.90 (0.70 to 1.16)      1.09 (0.48 to 2.49)              1.29 (0.86 to 1.94)                                                                                   
  Motor deficit:                                                                                                                                                                                                                           
   No                                     1.00                             0.06                                                      1.00                  0.001                       1.00                          040            1.00   \<0.001
   Yes                                    1.24 (0.89 to 1.75)              1.52 (1.12 to 2.06)      0.86 (0.29 to 2.60)              2.25 (1.55 to 3.26)                                                                                   
  Swallow deficit:                                                                                                                                                                                                                         
   No                                     1.00                             \<0.001                                                   1.00                  \<0.001                     1.00                          0.10           ---    ---
   Yes                                    13.3 (5.33 to 33.22)             1.32 (1.02 to 1.72)      1.44 (0.63 to 3.26)              ---                                                                                                   

All analyses are adjusted for age, sex, ethnicity, socioeconomic status, stroke subtype, level of consciousness, incontinence, motor deficit, dysphagia, and year of stroke.

\*P trend.

Table 5[](#tbl5){ref-type="table"} shows the associations between sociodemographic characteristics, case mix, and the provision of rehabilitation therapies. The analysis was limited to patients who were admitted to hospital. Patients who were older (P=0.002), were of black ethnicity (P=0.01), had higher levels of consciousness (Glasgow coma scale score ≥13), were incontinent (P=0.04), and had swallowing deficits (P=0.03) were significantly more likely to receive physiotherapy or occupational therapy. Patients with ischaemic stroke (P\<0.001), increased level of consciousness (P=0.004), incontinence (P\<0.001), and swallowing deficits (P\<0.001) were significantly more likely to receive speech and language therapy. The trend between year of stroke and receipt of rehabilitation therapy or speech and language therapy was significant (P\<0.001).

###### 

 Multivariate analysis to determine associations between rehabilitation therapy and clinical and sociodemographic factors in patients with stroke

  Variables                               Odds ratio (95% CI) for receipt of therapy                                 
  --------------------------------------- -------------------------------------------- ---------------------- ------ -----------
  Year of stroke:                                                                                                    
   2005                                   1.00                                         \<0.001\*              1.00   \<0.001\*
   2006                                   0.55 (0.03 to 9.81)                          1.57 (0.07 to 34.63)          
   2007                                   1.27 (0.09 to 17.21)                         1.48 (0.09 to 24.47)          
   2008                                   2.28 (0.19 to 27.47)                         3.18 (0.22 to 46.49)          
   2009                                   3.46 (0.28 to 42.10)                         4.61 (0.31 to 67.64)          
  Male                                    1.00                                         0.97                   1.00   0.38
  Female                                  0.99 (0.70 to 1.42)                          1.13 (0.86 to 1.50)           
  Age (years):                                                                                                       
   \<64                                   1.00                                         0.002\*                1.00   0.30\*
   65-74                                  1.12 (0.70 to 1.78)                          1.17 (0.80 to 1.71)           
   75-84                                  1.70 (1.05 to 2.77)                          1.23 (0.84 to 1.79)           
   ≥85                                    2.47 (1.30 to 4.71)                          1.25 (0.78 to 2.03)           
  Ethnicity:                                                                                                         
   White                                  1.00                                         0.01                   1.00   0.19
   Black                                  1.90 (1.21 to 2.97)                          1.35 (0.97 to 1.87)           
   Other                                  1.27 (0.61 to 2.61)                          0.95 (0.52 to 1.72)           
  Socioeconomic status:                                                                                              
   Non-manual                             1.00                                         0.29                   1.00   0.56
   Manual                                 1.22 (0.82 to 1.81)                          1.09 (0.79 to 1.49)           
   Economically inactive                  0.85 (0.51 to 1.42)                          0.88 (0.57 to 1.35)           
  Living conditions before stroke:                                                                                   
   Alone in private accommodation         1.00                                         0.70                   1.00   0.75
   With others in private accommodation   1.16 (0.81 to 1.67)                          1.10 (0.82 to 1.48)           
   Nursing home or other                  1.16 (0.61 to 2.21)                          1.16 (0.71 to 1.92)           
  Stroke subtype:                                                                                                    
   Infarct                                1.00                                         0.05                   1.00   \<0.001
   Haemorrhage                            0.61 (0.37 to 0.99)                          0.44 (0.28 to 0.70)           
  Glasgow coma scale score:                                                                                          
   \<13 (impaired consciousness)          1.00                                         \<0.001                1.00   0.004
   ≥13                                    3.30 (2.02 to 5.42)                          1.86 (1.22 to 2.85)           
  Incontinence:                                                                                                      
   No                                     1.00                                         0.04                   1.00   \<0.001
   Yes                                    1.61 (1.01 to 2.56)                          2.23 (1.58 to 3.16)           
  Motor deficit:                                                                                                     
   No                                     1.00                                         0.17                   1.00   0.69
   Yes                                    1.49 (0.94 to 2.37)                          1.07 (0.73 to 1.57)           
  Swallow deficit:                                                                                                   
   No                                     1.00                                         0.18                   1.00   \<0.001
   Yes                                    0.94 (0.58 to 1.53)                          3.36 (2.26 to 4.99)           

All analyses are adjusted for age, sex, ethnicity, socioeconomic status, stroke subtype, level of consciousness, incontinence, motor deficit, dysphagia, and year of stroke. Analysis limited to patients admitted to hospital between 2005 and 2009.

\*P trend.

Discussion
==========

The introduction of evidence based guidelines has been reported to be associated with significant improvements in the process of care in certain settings, particularly when introduced in the context of rigorous evaluations, yet how this relates to stroke care is not documented in detail.[@ref23] We found a considerable increase in the proportion of patients receiving effective interventions for acute stroke care in a multiethnic population and identified inequalities of access to interventions that improve outcomes. Patients with more severe strokes were more likely to be admitted to hospital, and those of black ethnicity as well as those with motor and swallowing deficits were more likely to be admitted to stroke units. The trend towards increased provision of evidence based care after an acute stroke in this population possibly reflects the adoption of national guidelines driven by targets set by the National Service Framework for Older People, and by evidence from audits showing a significant reduction in case fatality rates with care on a stroke unit.[@ref17] [@ref24]

Comparison with other studies
-----------------------------

### Admission to hospital

The pattern of increasing rates of admission to hospital and stroke units in these analyses is similar to reports from the National Sentinel Stroke Audits, monitoring the management of stroke in patients admitted to hospital in the United Kingdom.[@ref18] [@ref25] Patients managed in hospitals that admit a large proportion of patients to stroke units are reported to have better processes of care and survival than those managed in hospitals with low stroke unit provisions.[@ref24] The introduction of thrombolysis as well as the expectations of patients may well have influenced practice over time. We found that even in recent years (2007-9), some patients (5%) were still not admitted to a hospital after an acute stroke, particularly those with milder strokes, and 21% were not admitted to a stroke unit. It is difficult to judge whether these patients had appropriate assessment, diagnosis, and management in the home setting or on wards with no organised stroke care, but it is unlikely.

Hospital admission rates for acute stroke in population based studies in the United Kingdom have ranged from 56% to 91%.[@ref26] [@ref27] These reported rates are similar to those in south London in the early 2000s. In the Auckland Regional Community Stroke Studies, the admission rates increased from 64.5% in 1981-2 to 92.4% in 2002-3, similar to the findings in south London, indicating that this is a relevant population to undertake studies of trends in use of services and factors associated with access.[@ref28]

Almost 12% of the patients in this study had their stroke during hospital admission. This is higher than that reported in other studies.[@ref25] [@ref29] [@ref30] [@ref31] A large proportion of in-hospital strokes have been reported to occur in patients who had some form of invasive diagnostic, surgical, or other interventional procedure before the stroke event.[@ref29] A possible explanation for the high rates of strokes observed in patients admitted to hospital could be that invasive diagnostic or surgical procedures are undertaken more commonly in the hospitals in this study area, increasing the risk of in-hospital strokes. This significantly high proportion nevertheless emphasises the need for hospitals in the study area to have clearly outlined protocols for management of stroke in both patients from the community and those already admitted at the time of onset.[@ref9]

### Stroke unit care and rehabilitation

The overall rate for admission to a stroke unit of 54% is similar to reports from other countries.[@ref32] The rate of admission to stroke units of almost 80% in recent years in south London although not optimal was higher than that reported from some previous studies[@ref33] but consistent with the rates of 83% in men and 80% in women reported in the Swedish National Quality Register for Stroke Care (Riks-Stroke).[@ref34]

Admission to a stroke unit increased between 1995 and 2009 in this study, similar to the findings from the UK national audit, which shows admission to stroke units to have improved from 62% in 2006 to 74% in 2008.[@ref25]

Assessment of swallowing in this population decreased significantly, which is contrary to expectation based on the reports from the national audit.[@ref25] This finding is, however, likely to be an artefact of no recording in clinical notes.

The proportion of patients with speech and swallowing deficits receiving speech and language therapy increased only marginally between 2005 and 2009. This is lower than expected and also lower than previously reported[@ref25] and may be related to the reduction in swallowing assessment or access to services for speech and language therapy.

### Acute drugs

Despite the reported benefits of thrombolysis for patients with acute ischaemic stroke, variable rates of treatment have been reported in previous studies.[@ref35] [@ref36] Almost all patients who received thrombolysis in this study (97%) were admitted to stroke units. Two of the three patients not admitted to a stroke unit after thrombolysis were admitted to the intensive care unit and one died before they could be admitted. A significant increase in the rate of thrombolysis was observed between 2005 and 2009 in our study, with the rate increasing to 20% among eligible patients in 2008. This is higher than the thrombolysis rate of 10% reported in 2008 by the National Sentinel Stroke Audit.[@ref25] High rates of thrombolysis have, however, been reported when organised prehospital and emergency department acute stroke care have been implemented successfully.[@ref37] [@ref38] In an Australian trial, interventions involving organised prehospital and emergency department acute stroke care increased the proportion of patients receiving thrombolysis from 4.7% to 21.4%.[@ref37] Implementation of guidelines through the education of paramedic health professionals and communities promoted the safe administering of thrombolysis in community hospitals, with rates increasing in four of the six hospitals in the study.[@ref38] Data from the national audit suggest that about 15% of unselected admissions are likely to be appropriate for thrombolysis if practitioners adhere to licensed indications, and up to 25% if the restriction on over 80s is taken out.[@ref39] Evidence suggests that a relatively small number of centres in the United Kingdom successfully implement thrombolytic treatment, with significant inequity of access across the entire country.[@ref40] The National Sentinel Stroke Audit reported a significantly increased rate of thrombolysis in hospitals with larger numbers of eligible patients.[@ref25] The high rates of thrombolysis in this study could possibly reflect successful implementation of organised acute stroke care by hospitals in the study area and suggests the possibility that rates of thrombolysis can generally be improved when acute stroke care is effectively organised.

### Inequalities in access to acute stroke care

Significant variations in investigation and management after an acute stroke have been reported among some sociodemographically defined groups.[@ref3] [@ref41] Inequalities were found in increased access to stroke units in the black population and lower odds for brain imaging in older patients and those of lower socioeconomic status. Possible explanations for the inequalities in access to stroke unit care include the impression that such care is only appropriate for certain subgroups of patients despite the evidence suggesting its beneficial effects on all patients with stroke. This study found that black patients and those with motor or swallowing deficits are more likely to be admitted to a stroke unit, yet the justification for the decision making is not evidence based. The higher odds of admission to a stroke unit and being in receipt of physiotherapy or occupational therapy in black people remained significant even after controlling for differences in age, stroke subtype, and severity. The observation that patients from ethnic minority groups receive effective interventions is rare in the literature, with many studies in cardiovascular disease showing lower uptakes in these groups.[@ref42] [@ref43] [@ref44] In a nationally representative sample of Medicare patients in the United States, elderly black patients were found to have similar patterns of use of inpatient occupational and physiotherapy as white patients, after adjustment for the presence of a stroke related motor deficit and for other factors that are associated with the use of stroke rehabilitation services.[@ref45] This suggests that other factors apart from ethnicity explain observed ethnic patterns in the use of inpatient rehabilitation services for stroke.[@ref45] Black patients in south London were more likely to receive physiotherapy or occupational therapy after adjustment for the presence of motor deficits and other potentially confounding variables. It is possible that these findings are the result of other confounding factors not adjusted for in the models, such as cognitive impairment. Understanding the reasons behind this observed advantage in the black patients in this study may importantly inform practice for other interventions with lower uptake among minority populations.

As in previously reported studies, older patients in this study were less likely to undergo brain imaging.[@ref3] [@ref41] This association is partly explained by older patients being more likely to die before a scan could be done. It is, however, important to ensure that elderly patients are not excluded deliberately, as lower rates of brain imaging have implications in delivering effective acute treatment as well as the initiation of secondary prevention measures that could possibly result in poorer outcomes.

Previous studies have shown lower socioeconomic status to be associated with reduced access to care for a variety of medical services, even in countries with universal access to health.[@ref46] [@ref47] A significant inverse association between socioeconomic status and receipt of brain imaging that was not explained by differences in ethnicity or case mix was observed in this study. It is not known whether the association was a result of patient factors, attitudes of health professionals, or the structure of the health systems. It is, however, possible that patients of lower socioeconomic status sought hospital care less often and less promptly and also had less information on the procedures and so had lower acceptance rates.

We did not find any significant association between sex and the receipt of interventions in our study, contrary to findings of other studies.[@ref48] [@ref49]

Strengths and limitations of the study
--------------------------------------

This study has strengths and limitations. Firstly, the regular adaptation of data collection forms to reflect changes in evidence has meant that some variables were missing at certain time points and some analyses had to be restricted to specific periods. Data were missing for some variables, which could potentially bias the results. However, the rate of missing data was generally low, with the highest rate recorded for speech deficits being 12%. Furthermore, those with missing data on the process variables (admission to a stroke unit, brain imaging, swallow test, physiotherapy or occupational therapy, and speech and language therapy) as well as the receipt of aspirin within 48 hours did not differ by age, sex, ethnicity, or level of consciousness compared with those with no missing data. Despite these limitations, data for this study were derived from a well established, unique multiethnic population based stroke register, with the advantage to study trends in the process of stroke care over a 15 year period and ethnic differences in these processes. Arguably, no dataset globally would be representative to allow such analyses and trends over time. Data have been collected by applying a standardised protocol using multiple notification sources to ensure a near complete case ascertainment. Data from this study are locally representative, with formal capture-recapture estimates of 80% completeness.[@ref21] The findings from such a population based study provide representative evidence of stroke care in similar populations with similar provisions of healthcare.

Conclusions and policy implications
-----------------------------------

In conclusion, this study has shown significant, although not optimal, improvement over time in the receipt of acute interventions after a stroke in line with recommendations of current guidelines and identified factors associated with receipt of these interventions. The findings of this study suggest a disproportionate access to interventions in this population despite a government goal of universal access to healthcare. The study provides an important evaluation of evidence based practices to acute stroke care in a community in south London and provides the platform upon which to review the strengths, weaknesses, and opportunities for optimising access and delivery of acute stoke care in the United Kingdom and throughout the world.

### What is already known on this topic

1.  Variations in processes of stroke care have been reported in observational studies and trials of acute stroke care

2.  Audits from a selected sample of patients admitted to hospital suggest an improvement in the quality of stroke care in the United Kingdom over time, but information on the trends and associated factors of care from population based studies is limited

### What this study adds

1.  The proportion of patients receiving effective interventions for acute stroke care increased substantially in a multiethnic population during 1995 to 2009, yet with remaining inequalities of access to interventions that improve outcomes

2.  Stroke unit care increased to 79%, with inequalities in access by different ethnic groups

3.  Strategies to minimise these inequalities will increase the chances that all patients receive optimal care with improved outcomes
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